The system of strongly interacting particles is discussed, with electromagnetism, weak interactions, and gravitation considered as perturbations. The electric current j, the weak current J, and the gravitational tensor 8 p are all well-defined 
that the dispersion relations for matrix elements of these operators between the vacuum and other states are highly convergent and dominated by contributions from intermediate one-meson states, we have relations like the Goldberger-Treiman formula and universality principles like that of Sakurai according to which the p meson is coupled approximately to the isotopic spin. Homogeneous linear dispersion relations, even without subtractions, do not suffice to fix the scale of these matrix elements; in particular, for the nonconserved currents, the renormalization factors cannot be calculated, and the universality of strength of the weak interactions is undefined. More information than just the dispersion relations must be supplied, for example, by field-theoretic models;
we consider, in fact, the equal-time commutation relations of the various parts of j4 and J4. These nonlinear relations define an algebraic system (or a group) that underlies the structure. of baryons and mesons. It is suggested that the group is in fact U(3) P U(3), exemplified by the symmetrical Sakata model. The
Hamiltonian density 044 is not completely invariant under the group; the noninvariant part transforms according to a particular representation of the group; it is possible that this information also is given correctly by the symmetrical Sakata model. Various exact relations among form factors follow from the algebraic structure. In addition, it may be worthwhile to consider the approximate situation in which the strangeness-changing vector currents are conserved and the Hamiltonian is invariant under U(3l; we refer to this limiting case as "unitary symmetry. In this article we shall try to clarify the meaning of such possible symmetries, for both strong and weak interactions. Ke shall show that a broken symmetry, even though it is badly violated, may give rise to certain exact relations among measurable quantities, Furthermore, we shall suggest a particular symmetry group as the one most likely to underlie the structure of the system of baryons and mesons.
Ke shall treat the strong interactions without approximation, but consider the electromagnetic, weak, and gravitational interactions only in erst order.
The electromagnetic coupling is described by the matrix elements of the electromagnetic current operator e j (x) . Likewise, the gravitational coupling is specified by the matrix elements of the stress-energy-momentum * Research supported in part by U. S. Atomic Energy Commission and Alfred P. Sloan Foundation. A report of this work was presented at the La Jolla Conference on Strong and Weak Interactions, June, 1961. ' For example, see the "global symmetry" scheme of M. GellMann, Phys. Rev. 106, 1296 (1957 and J. Schwinger, Ann. Phys. 2, 407'(1957 We shall assume microcausality and hence the validity of dispersion relations for the matrix elements of the various currents and densities. In addition, we shall sometimes require the special assumption of highly convergent dispersion relations.
Our description of the symmetry group for baryons and mesons is most conveniently given in the framework of standard field theory, where the Lagrangian. density A of the strong interactions is expressed as 3, simple function of a certain number of local Gelds g(x), which are supposed to correspond to the "elementary" baryons and mesoxis. Recently this type of formalism has come under criticism'; it is argued that perhaps none of the strongly interacting particles is specially distinguished as "elementary, " that the strong interactions can be adequately described by the analyticity properties of the S matrix, and that the apparatus of field theory may he a misleading encumbrance.
Even if the criticism is justified, the field operators j (x), e s(x), and J (x) 
It is known tha, t the matrix element (2.3) has a, pole at s=w '- UCR1-9289, 1960 (unpublished I;= 8 Q;g'x=0, (3.4) at all times. Now the commutator of~~;4(x,t) and~~;4(x',f) must vanish for xAx', in accorance with microcausality.
(Note we have taken the times equal. ) If the commutator is not more singular than a delta function, then (3.1) and (3.2) give us the relation LQ;4 (x,t),Q;4 (x', f) 1 = -se;;a3'~4(x, t) 8 (x -x'), (3.5) which can also be obtained in any simple 6eld theory by explicit commutation. "
In discussing the various parts of the weak current 7, we shall ha, ve to deal with currents like P that are not "M. Gell 
Another way to phrase these commutation rules is to put It is easy to see that the field Bo belongs to (0,0), while Ez, = (1+ps)E/2 belo-ngs to (-'"0) and Ett ' E. Fermi and C. N. Yang, Phys. Rev. 76, 1739 (1949) where N means (p, rt). We then obtain not only the commutation rules (3.1), (3.8), and (3.14), but the stronger rule (3.5) and its analogs: LQ;4(x,t),P;4(x', g)3= -ie;toEo4(x t)8(x -x') LP;4(x,t),P;4(x', t)3= -ie;;ogs4(x, t)b(x -x'). If we insist on a model in which there is a field variable oo(cc,t) then we must complicate the discussion. The total isotopic spin current is no longer given by just (3.15); there is a pion isotopic current term as well.
In order to preserve the same algebraic structure of I and 9, one must then modify P"as well. Such a theory was described by Gell-Mann and Levy, " who called it the "0. -model". ' Along with the field m, we must introduce a scalar, isoscalar field 0' in such a way that~, o-' transform under the grouP like v, ttp. Then, just as Q" has an additional term quadratic in m, P requires an additional term bilinear in + and 0-'.
As we shall see in the next section, the introduction of '"In the 0 model, explicit commutation of N0 and v at equal times gives zero, while in the Fermi-Yang model this is not so; if we take these results seriously, they give us defInite physical distinctions among models.
In the model, there are the even stronger relations for the densities Pg;4(x, t), stp(x', t) 3=0, t P,4(x,t),tcp(x', t) 3 = -iv;(x, t)5 (x -x'), etc. (3.20) The invariance under the group SU(2) of isotopic spin rotations corresponds to conservation of the isotopic spin current~~= iN~y 1V/2, while the invariance under transformations of the 6rst kind corresponds to conservation of the nucleon current i'. lV/2= n.. Defining the total isotopic spin I as in (3.2), we obtain for I; the commutation rules (3.1), which are the same as those for r;/2. Likewise the nucleon number is defined as -i J'r44d'x and commutes with I.
We now generalize the idea of isotopic spin by including the third 6eld h.. Again we factor the unitary transformations on baryons into those which are generated by the 3X3 unit matrix 1 (and which correspond to baryon conservation) and those which are generated by the eight independent traceless 3X3 matrices Land which form the unitary unimodular group SU(3) in three dimensions7. We may construct a typical set of eight such matrices by analogy with the 2)&2 matrices of Pauli. We call then XI . Xs and list them in Table I derived from (4.10).
The nonzero elements of f,,i, and d;;i, are given in Table II Even in the presence of these terms, we have the commutation rules EF;4'(x,t),P,4(x', t))= -if;,sPi4s(x, i)h(x -x') (5. and it is seen that I";+and Ii; separately obey the commutation rules p 4(x,l),uj(x, t)j= f iud;(x, i)6(x -x'), etc. (5.20) for the densities. All CTSL -20, 1961 (unpublished) . 33 Y. Ne'eman, Nuclear Phys. 26, 222 (1961) . Table   III , along with suggested names for the mesons.
It is interesting that we can predict not only the degeneracy of an octet in the limit L"-+ 0 but also a sum rule" that holds in first order in L":
(mrr+mg)/2 = (3m, +m.)/4, (m,ir+msr)/2 = (3m"+m")/4. First, the equal-time commutation relations for currents and densities lead to exact sum rules for the weak and electromagnetic matrix elements. As an example, take the commutation rules (3.5) for the isotopic spin current. These do not, of course, depend on any higher symmetry, but they can be used to illustrate the results that can be obtained from the more general relations like (5.3).
Consider the electromagnetic form factor F (s) of the charged pion, which is just the form factor of the SYM METR I F S OF BAR YO~XTS AN D AI ESONS isotopic spin current between one-pion states. Let P and p be the initial and final pion four-momenta, with s= -(P -P')'. Let E be any four-momentum with E'= -m '. Then, taking the matrix element of (3.5) between one-pion states, we obtain the result 2(Po+Po')&&-( (P --P')') = (Po+&o) (Po'+&o)~-( (P --&)')~-( -(P' -&)') -(Po -&o) (Po' -&o)~-( -(P+%')~-( -(P'+I(')') +inelastic terms, (9.1)
where the inelastic terms come from summing over bilinear forms in the inelastic matrix elements of the current. We see that if there is no inelasticity the form factor is unity. Thus the departure from unity of F (s) is related to the amount of inelasticity.
A similar relation is familiar in nonrelativistic quantum mechanics:
((, ((y-y') *)0& -p"(c'(y -) *)o"(c'( -y') *) If c is really small, presumably &ue)o is also small compared to (uo)0. Then we can, roughly, set (9.8) equal to (9.9), obtaining fx /f '=mx'/m"'.
(9.10) The Goldberger-Treiman formula relating f, g~~, and ( -Gg/G) can also be used for the E particle to give a relation among frc, g~qx, and ( -G~/G) for the P decay of A. Of course, the E-particle pole is much closer to the branch line beginning at (mx+2nz )' than the pion pole is to the branch line beginning at 9m thus the Goldberger The ratio of g' factors is thought to be 0.1 from photoproduction of E, while the remaining factor on the right is also 0.1, so that the Goldberger-Treiman relation leads us to expect a very small axial vector P-decay rate for the A, much smaller than the observed one. The observed P decay would be nearly all vector; this prediction of the Goldberger-Treiman formula can easily be checked by observing the electron-neutrino angular correlation in the P decay of A, using bubble chambers.
We should, of course, try to predict the value of g~qz g~~~' in terms of sex'/nz ' just as we did above for frc'/f '; however, it is a much harder problem.
When we know more about the coupling constants of the vector mesons (strong coupling constants such as y"~~, h""etc. , and coupling strengths of currents such as y", yu, etc. ) we will be able to make a survey of the pattern of coupling constants as well as the pattern of masses and see whether the higher symmetry has any relevance. Also it should become clear how well the approximation of dominant low-mass states works, in terms of universality of meson couplings and Goldberger-Treiman relations. "
In summary, then, we suggest the use of the equaltime commutators to predict sum rules, attempts to derive high-energy conservati. on laws and to check them 38An interesting relation of the Goldberger-Treiman type is one that holds if the trace 8 of the stress-energy-momentum tensor has matrix elements obeying highly convergent dispersion relations. Because of the vanishing of the self-stress, the expectation value of 8 in the state of a particle at rest gives the mass of the particle. Rewriting the matrix element as one between the vacuum and a one-pair state, we see that the dispersion relation involves intermediate states with I=0, J=0+, 6=+1.0 there is a resonance or quasi-resonance in this channel (like the p' meson of Table III ) and if that resonance dominates the dispersion relation at low momentum transfers, then the coupling of the resonant state to different particles is roughly proportional to their masses.
That is just the situation discussed by Schwinger in reference i and by Gell-Mann and I evy in reference 17 for the "a meson. "
